Abstract: The determination of the members of Charales (Charophyceae) is not easy. The main reason of this is a wide range of variation in vegetative characters within most of the species. Many features such as the extent of branchlet cortication, the degree of incrustation, length and number of bract cells, spine cells, stipulodes, diameter of the main axis and oospore size and color do not have universal taxonomic significance. In similar, many Nitella species characters such as: general habitus, branchlets and presence of the top segment (mucro), are helpful in determination, however they are often not developed. In this case, the features of oospore wall ornamentation revealed by light and scanning microscopy can be important taxonomic characters of the Charales. The present study shows interspecific variations of the oospore in two Nitella species from Poland which can be helpful in correct determination of both species. Some of the oospore features like number of striae and fossa width can not be used, as they appeared statistically unimportant, and cannot be used in distinguishing between both species. The presented results are the first detailed report of oospore wall ornamentation pattern from Poland for the species studied. Oospore features are presented in detail on the background of some additional tips and among them particularly: length and width of the oospore, ISI idex, width of fossa, width of striae and number of striae.
Introduction
The members of the order Charales (Charophyceae) produce a thick walled zygote -the female sex organsurrounded by five sinistrally wound spiral cells. After fertilization rapid changes occur in the walls of newly formed zygote and the ensheating sterile cells. These changes result in the formation of a thick wall which is pigmented and consist of many layers deposited by both the developing zygote and the surrounding cells Casanova 1997) . The outermost layer of the oospore wall is deposited by the spiral cells and is called the ornamentation layer (Leitch et al. 1990 ).
The diversity of ornamentation of the outer oospore layer is in general greater in taxa of the genus Nitella than in the genus Chara, where the ornamentation varies mainly in the texture of the outer wall, development of the striae and the fossa between them (John & Moore 1987; Casanova 1997) . Oospore characteristics visible using light or scanning microscopy are thought to be taxonomically useful for identification (Wood 1965; John & Moore 1987; Casanova 1991; Haas 1994; Ray et al. 2001; Sakayama et al. 2002 Sakayama et al. , 2005 Urbaniak 2007; Urbaniak et al. 2008) . The taxonomic value of oospore characters depends on their morphological constancy within and between species and populations. Despite numerous studies documented the differences that exist between recognized taxa on the oospores of Chara and Nitella, variations within and among populations of the same species are still not well documented (Soulie-Märsche 1989; John et al. 1990; Leitch et al. 1990) .
The aim of this study were to determine the type and extent of oospore variation in the two morphologically similar species: Nitella gracilis (Smith) Agardh 1828 and Nitella mucronata (A. Braun) Miquel 1840 (Charales, Charophyceae) from Poland using light and SEM microscopy; document the size of the oospore, type the oospore wall and show how the differences between them can be helpful in determination. Some practical tips on morphology of species found in Poland, helpful in correct determination are also given.
Material and methods
The examined oospores were collected from the dried specimens from herbaria collections Museum of Natural History, University of Wroc law, Wroc law (WRSL), Herbarium of Department of Botany and Mycology, Institute of Biology, Maria Curie-Sk lodowska University, Lublin (LBL) and from the natural populations (Table 1) . The identification of the species written on the herbarium sheets and recently found was verified following Krause (1997) .
Separating of the dark or dark brown oospores from herbarium sheets was done carefully with a needle forceps. Later, oospores were placed in a 1:9 (detergent:water) solution and then heated in an owen at 60 12 hrs. The oospores were then treated using method of Ray et al. (2001) , including acetolysis procedure as similar to that described by Erdtman (1960) for the preparation of pollen grains for light microscope or SEM investigation. Spores were mounted on brass stubs with doublesided adhesive tape, sputter coated with gold, and viewed with LEO 435 VP (ZEISS) and HITACHI S -4700 scanning electron microscope. For the light microscopy observation oospores were placed on a slide in a drop of PVLG (polyvinyl alcohol-lactic acid-glycerol) which is commonly used to prepare permanent slides (Koske & Tessier 1983) . The PVlG make the dark oospore transparent and brighter which is helpful in the light microscope observation. Ready slides with the oospores have been observed under the light microscope (Zeiss Axioscop 2). Pictures were taken by a camera, saved and processed with CorelDRAW 11 (Corel Corporation 2002) software. The oospore wall ornamentation pattern was described following the terminology used by John & Moore (1987) and Ray et al. (2001) .
In order to reveal morphological analysis of both species basics statistics, as well as canonical discriminant analysis were undertaken of oospore features studied: oospore length, width, ISI index, width of fossa, width of striae and number of striae. Additionally, for oospore variation nonparametrical ANOVA Kruskal-Wallis test was used. The data were analyzed using Statistica 7.1 (Statsoft 2005).
Results
Description of the investigated species Nitella gracilis (Smith) Agardh 1828 This is a rare plant of ditches, peat pits, pools, ponds, lakes and is very rarely found in shallow waters so far (less than 1.0 m and occasionally found between 0.5-2 m in depth). In Poland the species has been found in all the environments of about 15 localities. The species was found in sheltered water on soft substrates (clay, mud, sand). The plants collected in Poland were delicate, light to yellowish -green, up to 20 cm, and slender. The axis diameter: 0.2-0.5 mm; the branchlets were furcated two to three times and slender. The outermost cells of branchlets were short or long, conical and formed an acute apex (very similar as a "mucro" in N. mucronata, but 2/3 as broad as the subapical cell). The plants are monecious.
Nitella mucronata (A. Braun) Miquel 1840 N. mucronata is widely distributed in Poland, but not particularly common. The species can be found in a wide range of aquatic habitats (ponds, ditches, canals and lakes). The species was mainly recorded in a pH above 8.0 on a soft, muddy bottom. Most findings are from water of 0.5 to 4.0 (8.0) m deep. The plants collected in Poland were of medium size, moderately robust, mostly dark green to brownish green and richly branched. The axis is about 15-30 cm high and up to 0.8 (1.2) mm in diameter. Sterile branchlets are divided once or twice. Fertile branches are divided twice or three times and the final segment of the branchlets is 2-, rarely 3-celled. The upper cell "mucro" is short, conically acute and much narrower than the subapical cell. Fertile whorls sometimes form dense heads (f. heteromorpha). The plants are monoecious, gametangia are usually situated on each furcation.
Oospore variation among species
In canonical discriminant analysis, six characters were evaluated by stepwise discriminant analysis to determine which characters were important in discriminating.
All the characters except number of striae (N. mucronata) and except fossa width and number of striae (N. gracilis) were selected for ststistical analyses as sta- tistically important and were used in discriminant analysis. The two species of Nitella could be distinguished on the basis of quantitative measures of the oospore alone (Wilk's λ = 0.2520, p < 0.001). Using Wilk's partial lambda parameter the length of the oospore was found to be the most suitable distinguishing characteristic. The other important characteristics were: fossa width, ISI index and striae width (Fig. 1) . However, the results of the discriminant analysis illustrate that there was a small overlap in oospore features between the species which can make the correct differentiation based only on oospore characters difficult.
Oospore features within population of N. gracilis varied considerably except for fossa width and number of striae (Kruskal-Wallis test, Table 2 ). The length of the oospore varied between 228-307 µm and width between 151-292 µm (Fig. 2) . The striae width ranged from 4.4-9.9 µm and the average oospore length -to -width ratio (ISI) ranged from 1.01 to 1.65 (population 1) ( Table 2 ). In all investigated N. gracilis popula- tions, the wall was fibrous (anastomosing) when viewed with the SEM, although under the LM it appeared to be finely granulate (punctate) or without visible ornamentation (Fig. 5) . The fibrils in all populations formed an anastomosing network and sometimes they extended across the fossa and onto striae (Figs 6-10d) . The fibrils in population 3 (Figs 8a,b) consisted of an interwoven mat of fused and different fibrils from the other populations. The observed striae were weak (5-10 µm, population 5, Figs 10c,d) or well developed and flanged (15-20 µm, population 1, 2 and 4) 10a, b) . Oospore characters within population of N. mucronata varied considerably except for the number of striae (KruskalWallis test, Table 3 ). The length of the oospore varied between 275-421 µm and width between 206-430 µm (Fig. 3) . The fossa width ranged from 51-77 µm; striae width ranged from 4.4-20.9 µm and the average oospore length to width ratio (ISI) ranged from 1.00 to 1.46 (population 9) (Table 3, Figs 15a,b) . The fossa wall appears to be fairly regularly reticulate when the surface is viewed with the LM (Fig. 11 ) with numerous reticulates across the fossa. Striae are flanged, in all populations and rather varied in height reaching 30-35 µm (population 7 and 8, Figs 13-14c ) or 15-20 µm (population 6 and 9) (Figs 12, 15) . In all populations SEM examinations showed the reticulate to be well developed. Additionally, the ridges forming the reticulate were rather variable in height (Figs 14c,d ). This projection was not visible seen in LM.
Discussion
The results of numerous studies indicate that in many cases, oospores alone can be used to distinguish many species from the Chara and Nitella genus. This seems to be especially important when oospores are the only material available for study as in seed bank or in paleontological sediment studies (Wood 1965; Soulie-Märsche 1989; Casanova 1997; Ray et al. 2001 ). Oospores of both investigated Nitella species differ much in their mem- brane ornamentation. However, within a given population of N. gracilis, oospores varied less in case of wall ornamentation; fibrous (anastomosing) oospore wall was constant in all populations . Similar to the present study, John & Moore (1987) , Leitch et al. (1990) and Ray et al. (2001) investigated British and Swedish oospores and found, that oospores of N. gracilis had clearly fibrous (anastomosing) wall. Results clearly show that this is the constant feature in case of this species.
Similarly, no variation in oospore wall morphology was found in case of N. mucronata. The oospore wall appeared reticulate at 800-1000× magnification, and this feature was constant within populations. The same type of oospore wall morphology was found by John et al. (1987) and presented results show high constancy of this feature in case of N. mucronata.
Although oospores from investigated population of both Nitella species show the same ultrastructure, intrapopulation variation within species can occur. Within a given population of N. gracilis and N. mucronata, oospores varied much in length, height, ISI and striae width of the oospore (Figs 2-4 , Tables 2-3). Clear interrelationships between the oopsore features booth species can be seen, which is not always in case. Oospores of N. gracilis, have been smaller in their size, than oospores of N. mucronata. However, the results point to that oospore length, width and ISI index can not be used as an universal character for distinguishing between species. The reason is that the features in investigated population of N. gracilis and N. mucronata vary considerably and has a wide range of variations (Fig. 4) . According to Dąmbska (1964) , an important difference between both investigated Nitella species is the oospore striae: N. garcilis can have 6-7 striae, and N. mucronata 7-9. In similar, according to Krause (1997) both species can have 6-8 striae. This has not been confirmed in these studies (Tables 2, 3) . Additionally, the differences between this feature (and fossa width in N. gracilis) were statistically unimportant, and have not been used in differentiating both species in canonical discrimination analyses. Similarly, as in case of Australian charophyte, variation in size of the oospore may be due the developmental, environmental and genetic factors. The size and shape of the oospore is controlled by the size and shape of the oogonium in which is formed. Temperature, water chemistry and the allocation of resources to oogonia during development could affect oospore morphology (Casanova 1997 ).
Many authors pointed that oospore wall ultrastructure in combination with the usual measurements of length and width can be useful in charophyte taxonomy. However, not all of these features have the same taxonomic value in all taxa. The characters of the oospore wall in N. gracilis and N. mucronata strongly support the use this characters for determination. As with all morphological features, it is necessary to know the range of variation of the character within populations before their taxonomic value can be assigned (Casanova 1997) .
It is widely known that the use of SEM gives better results than light microscopy. However, observations using LM in case of investigated species can be helpful in distinguishing both species: the LM studies makes it possible to readily and unambiguously determine details of oospore surface morphology.
Determination problems
Both species can be relatively easily determined when the plants are right collected from the nature. They should to be dried between the paper sheets and later transferred in to the herbarium sheets with care. The problems are when the plants are crushed together, when several plants are mixed or are collected from the torfosis substratum. Then, they have dark colour which sometimes can be helpful in determination (N. gracilis is mostly yellowish or light green, N. mucronata -green to dark green). The second main dif-
